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Abstract—In this paper we propose KOIOS++, which auto-
matically processes natural language queries provided by hand-
written input. The system integrates several recent achieve-
ments in the area of handwriting recognition, natural lan-
guage processing, information retrieval, and human computer
interaction. It uses a knowledge base described by the re-
source description framework (RDF). Our generic approach
first generates a lexicon as background information for the
handwritten text recognition. After recognizing a handwritten
query, several output hypotheses are sent to a natural language
processing system in order to generate a structured query
(SPARQL query). Subsequently, the query is applied to the
given knowledge base and a result graph visualizes the retrieved
information. At all stages, the user can easily adjust the
intermediate results if there is any undesired outcome. The
system is implemented as a web-service and therefore works
for handwritten input on digital paper as well as on input
on Pen-enabled interactive surfaces. Furthermore, we build on
the generic RDF-representation of semantic knowledge which
is also used by the linked open data (LOD) initiative. As such,
our system works well in various scenarios. We have imple-
mented prototypes for querying company knowledge bases, the
DBPedia1, the DBLP computer science bibliography2, and a
knowledge base of the DAS 2012.
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I. INTRODUCTION

The traditional aim of handwriting recognition (HWR)

is to transform handwritten text into a machine readable

format, i.e., the ASCII transcription has to be generated [1],

[2], [3]. Research in this area continued already for several

decades and there are still many open issues. Only in specific

domains commercial systems were successfully applied. For

online recognition, i.e., if the time-ordered point sequence

of the strokes is available, recent systems perform quite well

(e.g., recognizers from Microsoft c© [4] and Vision Objects c©).

The main reasons for improved recognition performance

are (1) training on large data sets of handwritten text; (2)

incorporating multi-hypothesis approaches at all recognition

1http://http://de.dbpedia.org/
2http://www.informatik.uni-trier.de/∼ley/db/

steps; and (3) including additional information from dictio-

naries or language models.

Instead of just generating the ASCII transcription of the

text, we address the task of understanding the meaning of the

handwritten texts. Recent advantages in knowledge manage-

ment and information extraction allow to make unstructured

handwritten information available as structured information

in a digital representation in the computer. An approach for

understanding handwritten text has been proposed in [5].

In this paper we introduce a generic system which un-

derstands a natural handwritten query and retrieves the

requested information from a given knowledge base. The

basis of our system, i.e., the Koios system presented in

[6] applies natural language processing and generates a

structured query. The structured query is then used to search

in the respective knowledge base. Finally, the result is

presented in form of the query graph and a list of example

instances in the knowledge base.

For an intuitive interaction with the application, we im-

plemented a user interface for the Touch & Write table.

This table allows to switch between touching and writing

on the surface just by using either the fingers (touch) or an

electronic pen (write). In this user interface for KOIOS++
the query can be written with natural handwriting on the

surface and the navigation in the system as well as the

selection of the desired results can be done with intuitive

touch gestures.

The main contribution of the KOIOS++ system is that

it integrates state-of-the-art approaches from handwriting

recognition and human computer interaction together with

natural language processing and semantic search. This novel

system provides for a natural way of formulating queries for

a knowledge base.

The remainder of this paper is organized as follows.

First, Section II presents the background in the area of

knowledge management and knowledge representation. Sec-

ond, Section III gives an overview of the whole system.

Next, Section IV provides more details about the semantic

search engine. Subsequently, Section V describes the user

interface and the behavior of the proposed system. The
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evaluation is reported in Section VI. Finally, Section VII

draws conclusions and gives an outlook for future work.

II. REPRESENTING KNOWLEDGE

Knowledge can be represented by frames consisting of

attribute-value pairs. They are often very complex and

contain several kind of information, e.g., spatiotemporal

schemas for contexts of events, tokens for entities like

persons, objects, or ideas. Within the spatiotemporal frames

there are structural relations which define a task. Those

relations might be spatial, e.g., an i-dot is always placed

above the i; social, e.g., I like the handwriting style of

writer “A”; temporal, e.g., the signature is written at last; etc.

Several contexts can also be brought into relation with one-

another by linking them with causal or temporal information.

In the Semantic Web community standards, such as the

Resource Description Framework3 (RDF) and RDF Schema4

(RDFS) have been introduced to represent the attribute-value

pairs. In RDF, concepts are interlinked with one another

via binary relations. This is a way of formalizing the above

mentioned ideas about schemas.

Another important issue in representing knowledge is to

identify digital resources, i.e., text documents, web sites, or

multimedia files, by unique URIs. A very huge movement

of using URIs and formal standards is the Linked Open

Data (LOD) Community Project [7]. This community tries to

make the web resources human- and machine understandable

by describing HTTP-URIs with RDF and interlinking data

from different sources using existing description standards.

Our proposed KOIOS++ system is designed to work with

RDF and with LOD. Thereby it is lifted to a generic system

which works on thousands of knowledge bases available

world-wide.

III. SYSTEM OVERVIEW

The KOIOS++system retrieves information for a natural

handwritten query. In contrast to typical question answering

systems [8], it does not produce a natural language answer

for the result, but a structured (graph-shaped) query and a

list of values which fill the questioned concepts. This is

motivated by the following scenario as depicted in Fig. 1.

The user has some desired information in his mind, like

the papers the author “Andreas Dengel” has written. In

order to get this information, he or she formulates a natural

language query. This is put into the KOIOS++ user interface

(see Section V) using handwritten text. The handwritten text

is recognized and the recognition alternates are sent to the

KOIOS++ semantic search engine (see Section IV).

As reported in [9], the handwriting recognition per-

formance can be improved by integrating domain-specific

knowledge from RDF-data. Since the KOIOS++ search is

performed on a given knowledge base (presented in RDF) it

3http://www.w3.org/RDF/
4http://www.w3.org/TR/rdf-schema/

is wise to use this knowledge base for improving the HWR

results. Therefore we adopted the methods of [9] in our

system.

By matching the recognized query against the RDF-

representation of the knowledge base a structured query is

finally generated. Note that this structured query visualized

in the bottom right of Fig. 1 is similar to the mental model

of the user (top left of Fig. 1).

The KOIOS++ system works with any kind of digital

pen device. For real-time interaction, we propose the use

of a pen-enabled multi-touch device. We have implemented

such a user interface using the Touch & Write SDK. By

using intuitive touch interactions (see Section V) the user

can adjust the query to his or her own preference. A list

of values for the questioned concepts finally contains the

desired information. A more detailed description of the used

methodology appears in the next two sections.

IV. THE KOIOS SEMANTIC SEARCH ENGINE

KOIOS++ is based on a semantic search engine that

enables keyword-based search on graph-shaped RDF data.

KOIOS++ first computes a set of relevant SPARQL queries

allowing users to select the most appropriate ones. Conse-

quently, a selected query is used to search in a respective

triple store (knowledge base). The main advantage is that

users do not need explicit knowledge about the query syntax

or the underlying ontologies. The presented approach is

based on the work of [10] and [11] (an illustration of the

applied processes is given on the right side in Fig. 1).

To achieve a scalable search, the input data is prepro-

cessed obtaining two data indices. The keyword index is used

to realize a mapping from terms to resources of the RDF

data, for instance, the label Andreas Dengel can be mapped

to the instance dblp:AndreasDengel. Note that the index

does not only contain labels of resources, it is enriched with

synonyms for various resources, so that the class dblp:Article
can be found by using terms like paper or contribution. In

addition, interrogatives can be used to find upper classes, for

example, the word who is mapped to the class dblp:Person
and to the object property dblp:isAuthorOf.

For an optimized graph search, a graph index is derived

which represents a kind of summary of the input data

containing structural patterns, only. This is called summary
graph. The summary graph contains only classes and object

properties as illustrated in the bottom right corner of Fig 1.

As it does not contain instances (of concepts) or literal values

the summary graph is very small enabling a performant

bidirectional search.

For computing SPARQL queries, the natural language

query is first disassembled into its constituent parts. It is

some kind of syntactic analysis in which keywords were

identified that belong together. For instance, the natural

language query Andreas Dengel is author of which articles?
is separated into the parts Andreas Dengel, is author of,
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Figure 1: Overview of the KOIOS++ System

which and articles. Fur this purpose, the Query Analysis
computes a set of useful word combinations of the natural

language query, rates the combinations by means of the

term index and selects the best combination for further

processing. The result is a set of k terms T = {t1, ..., tk},

whereas ti ∈ T is either a single word or a multiword

expression.

In the second step, the word combinations are mapped

to elements of the input RDF data including the mentioned

extensions. As illustrated in Fig. 1 the words Andreas Dengel
are mapped to the RDF resource dblp:Andreas Dengel,
whereas the interrogative which is mapped to the resource

dblp:Publication that is an upper concept for the classes

dblp:Article and dblp:Inproceedings in the DBLP ontology.

In general, a term ti ∈ T is mapped to a set of n resources

Ri = {ri1 , ..., rin}. As follows, there are k sets of resources

R1, ..., Rk that are used for further processing.

In the next step, the summary graph is augmented by

all resources of the previous step that are not contained

therein. As mentioned above, this concerns literal values

and instances of the base RDF data, such as the resource

dblp:AndreasDengel. The extension point, i.e., the instanci-

ated concept, is included in the term index, and thus, the

resource dblp:AndreasDengel is attached to the summary

graph node dblp:Person.

After the augmentation step, a graph search is performed

on the augmented summary graph. The goal of this process

step is to find a connection between exactly one resource

of each set of resources R1, ..., Rk. The outcome is a set of

weighted subgraphs S1, ..., Sm, whose size can be restricted

by an upper weight limit and a general time limit. It would

be much too far at this point to describe the weighting in

detail. The interested reader may find further information in

the work of Tran et al. as presented in [11]

The last two steps are straightforward. For each subgraph

S1, ..., Sm, a conjunctive query is constructed by mapping

the graph elements to SPARQL query elements (Query con-
struction step). Finally, the constructed queries are presented

to the user. Note that the presentation of the search results

is an important issue. Search engines should always include

some hint why a particular result is relevant with respect

to the keywords. Google5, for instance, shows the title,

some text snippets, and the URI of retrieved documents

and highlights keywords contained therein. This information

represents some kind of explanation or justification which

describes a connection between search and result. In the end,

it can help the user to open only relevant documents.

In case of KOIOS++, explaining search results for end-

users is a bit more complicated. The justification has to

contain the information how keywords are mapped to RDF

resources and how the resources are connected. For this

purpose, the UI presents the keyword mapping as well as

the SPARQL query in a graph based form with standard

icons as presented in Fig. 4 or Fig. 5.

V. THE KOIOS++USER INTERFACE

Usability is an important aspect for almost all applica-

tions. Much effort have been made in Human-Computer

Interaction (HCI) research.

In order to make KOIOS++ accessible in a natural way,

we allow for handwritten input to formulate the queries.

This allows users to use their own language when posting

a query. The handwritten input is directly visualized in the

KOIOS++user interface (UI) as depicted on top of Figure 2.

5http://www.google.de/
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Figure 2: Handwritten input in the KOIOS++ interface

Figure 3: Visualization of the text recognition alternates

The handwritten input is processed by the Vision

Objects c© handwriting recognition engine in order to gen-

erate several recognition alternates. Based on the methods

of [9] and [5] the semantic search engine processes the

recognition directly. In the case of recognition errors the user

can simply correct the mistakes by clicking on the correct

recognition alternate (see Fig. 3). This makes the interaction

with our system very fast and intuitive.

As mentioned in the introduction, a further contribution

is an implementation of the KOIOS++ system on the Touch
& Write table. The Touch & Write table [12] is a multi-

touch tabletop solution which also integrates pen input. In

particular, integrates the Anoto technology6 on top of the

usual frustrated total internal reflection (FTIR) proposed by

Han [13]. Note that the integration of pen-input in multi-

touch environments is quite recent achievement, since most

environments lack in a way of intuitively switching between

drawing and writing (Examples are the Microsoft Surface7

or DiamondTouch [14]).

In the Touch & Write UI for KOIOS++ the user can

simply use the pen to write the query into the corresponding

field. All further steps can be intuitively performed by touch-

ing the corresponding controls and moving the visualized

concepts.

VI. APPLICATION EVALUATION

Generally it is not easy to assess the performance of query

answering systems because different users might expect

6Anoto pen http://www.anoto.com/: Last accessed 04/02/2010
7 http://www.microsoft.com/surface: Last accessed 05/22/2010

Figure 4: Retrieval result for the natural language query

“Which jobs has Anne?”

Figure 5: Retrieval result for the query “Andreas Dengel

Publications”

different results when performing the same query. The main

reason for this issue is the semantic gap. Despite these

problems, we have investigated the behavior of the system

when asking several queries. The results for two queries are

depicted in Figs. 4 and 5, respectively. While the results for

the first query (formulated as a complete question) is a quite

useful visualization, the second query produces some output

which might have been expected differently. Therefore, as

stated above, the user might chose between several query

representations (by browsing through several possibilities)

in order to select the desired one.

More experiments have already been reported in [11].

The authors of [11] asked test persons (colleagues) to

provide keyword queries along with a detailed specification

in natural language of the underlying information need. 12

test persons participated in the experiment, resulting in 30

different queries for DBLP. For assessing the effectiveness

of the semantic search and weighted queries, respectively, a

standard IR metric called Reciprocal Rank (RR) was used

in. Finally, they retrieved very satisfiable results [11].

Regarding the handwriting recognition, our previous re-

search revealed that the combination of handwriting recog-

nition with an information extraction engine improves the
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recognition results. In [5] a performance similarly to the

performance on ASCII-text has been achieved.

VII. CONCLUSIONS

In this paper we presented KOIOS++ an application

which successfully integrates recent approaches in hand-

writing recognition, human computer interaction, natural

language processing, and information extraction. In our sce-

nario handwritten queries can be used to retrieve information

from a structured knowledge base.

To the best of the authors’ knowledge a query answering

system for handwritten text is presented for the first time in

the literature. The abstract nature of our application allows

for querying any resources available in RDF, such as any

LOD-resource.

We have performed an analysis of several queries in dif-

ferent domains. While the results of several queries seem to

be convincing, we plan to perform a complete usability study

of the overall KOIOS++ system in the future. However,

generally an evaluation of such complex systems is not an

easy task. In order to show the effectiveness of our system,

we plan to present it as a demonstration during the DAS

2012.
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